n engl j med 350;11 www.nejm.org march 11 , 2004 The new england journal of medicine 1094 out is the most common form of inflammatory arthritis in men, affecting as many as 3.4 million men in the United States. 1, 2 Patients with gout are typically advised to avoid habitual intake of purine-rich foods such as meats, seafood, purine-rich vegetables, and animal protein (as a proxy for purines), 3, 4 but the associations have not been confirmed by prospective studies. Although protein-rich diets tend to contain large quantities of purines, the uricosuric effect associated with such diets may, in fact, even reduce the serum uric acid level, which would reduce the risk of gout. [4] [5] [6] Several studies have suggested that there may be an inverse association between the level of consumption of dairy products and the serum uric acid level 7, 8 ; the evidence of such an association includes a significant increase in the uric acid level that was induced by a dairy-free diet in a four-week randomized clinical trial. 9 However, no studies, to our knowledge, have investigated the link between dairy-product consumption and the incidence of gout. To examine these issues, we prospectively evaluated the relationship between the reported intake of purine-rich foods, dairy foods, and protein and the incidence of gout in a cohort of 47,150 men who had no history of gout at base line.
study population
The Health Professionals Follow-up Study is an ongoing longitudinal study involving 51,529 male dentists, optometrists, osteopaths, pharmacists, podiatrists, and veterinarians who were 40 to 75 years of age in 1986. The participants returned a mailed questionnaire in 1986 concerning diet, medical history, and medications. Of the 49,932 men who provided complete dietary information, 2782 (5.6 percent) reported a history of gout on the base-line questionnaire. These men were excluded from our analysis, leaving 47,150 participants.
assessment of diet
To assess dietary intake, we used a semiquantitative food-frequency questionnaire that inquired about the average consumption of more than 130 foods and beverages during the previous year. 10, 11 The dietary information was updated in 1990 and 1994. Nutrient intake was computed from the reported frequency of consumption of each specified unit of food or beverage and from published data on the nutrient content of the specified portions. 11 Food and nutrient intakes assessed by means of this dietary questionnaire have been validated against two one-week diet records in this cohort. 10, 12 assessment of covariates At base line and every two years thereafter, the participants provided information on their weight, the regular use of medications, and medical conditions. The rate of follow-up for this cohort exceeded 90 percent during the study period.
ascertainment of new cases of gout
On each biennial questionnaire, the men indicated whether they had received a diagnosis of gout from a physician. In 2001, the 1332 men with selfreported new cases of gout between 1986 and 1998 were sent a supplementary questionnaire to confirm the report and to ascertain whether the case met the American College of Rheumatology survey criteria for gout. 13 The primary end point of this study was a newly diagnosed case of gout that met 6 or more of the 11 criteria for gout (more than one attack of acute arthritis, maximal inflammation developing within one day, attack of oligoarthritis, redness observed over joints, painful or swollen first metatarsophalangeal joint, unilateral attack in first metatarsophalangeal joint, unilateral attack in tarsal joint, tophus, hyperuricemia, asymmetric swelling within a joint, and complete termination of an attack). 13 The response rate for the supplementary gout questionnaire was 80 percent (1064 of 1332 men), and 69 percent of the cases in men with self-reported gout who returned the questionnaire (730 of 1064) met the definition for the primary end point. To confirm the validity of the criteria for gout used in the survey in our cohort, two board-certified rheumatologists reviewed the medical records of a sample of 76 of the men who had reported having gout and had consented to the release of their medical records. Of these 76 men, 26 (34 percent) did not have relevant and complete records. Among the remaining 50 men, the rate of concordance between the diagnosis of gout according to the criteria of the American College of Rheumatology and the diagnosis of gout according to our review of the medical records was 94 percent (47 of 50). We further evaluated the robustness of our results by using other definitions of gout, ranging from a participant's report that a physician had diagnosed gout (most lenient) to the presence of a to-phus or the detection of crystals on arthrocentesis (strictest).
statistical analysis
We computed the person-time of follow-up for each man as the interval between the date on which the 1986 questionnaire was returned and the date of a diagnosis of gout, death from any cause, or the end of the study period, whichever came first. For the men who did not return the supplementary gout questionnaire, follow-up data were censored at the time of their first report of gout.
In order to represent the long-term dietary patterns of individual men, our primary analysis used cumulative average dietary intakes based on the information from the 1986, 1990, and 1994 dietary questionnaires. 14, 15 We used Cox proportional-hazards modeling to estimate the multivariate relative risk of a new case of gout (SAS software, SAS Institute). Responses regarding the individual food items were converted to average daily servings. The average daily intakes of individual items were combined in order to compute the totals for food groups: total meat (a main or mixed dish of beef, pork, or lamb; processed meat, including sausage, salami, and bologna; bacon; hot dogs; hamburgers; poultry, including chicken and turkey; chicken liver; and beef liver); seafood (tuna; dark fish; other fish; and shrimp, lobster, or scallops); purine-rich vegetables (peas, beans, lentils, spinach, mushrooms, oatmeal, and cauliflower); and dairy products (low-fat dairy products, including skim or low-fat milk, sherbet, low-fat yogurt, and cottage or ricotta cheese; highfat dairy products, including whole milk, cream, butter, sour cream, ice cream, cream cheese, and other cheeses; and all dairy products, including all of the above).
The average daily intake of each food group was categorized into quintiles. Protein intake (animal protein, dairy protein, nondairy animal protein, vegetable protein, and total protein) was also categorized into quintiles according to the percentage of total energy obtained from each type of protein (the nutrient density 16 ). In multivariate models of nutrient density, 16 we simultaneously included energy intake, the percentages of energy derived from fat and specific types of protein, and other potentially confounding variables. Other variables considered in multivariate models included age (as a continuous variable), alcohol use (in seven categories), bodymass index (the weight in kilograms divided by the square of the height in meters, in six categories), the use or nonuse of diuretics, history of hypertension (yes or no), history of chronic renal failure (yes or no), and fluid intake (in quintiles). To assess the trends, we used the median values of intake in each category, so as to minimize the influence of outliers. We assessed possible effect modification by food groups and by alcohol use (or nonuse) or the body-mass index (<25 vs. ≥25). We tested the significance of the interaction using the likelihood-ratio test. For all relative risks, we calculated 95 percent confidence intervals. All P values are two-sided.
During the 12-year follow-up, we documented 730 confirmed new cases of gout that met the criteria of the American College of Rheumatology. Eightyeight percent of the men with gout reported podagra, 35 percent midfoot involvement, 72 percent hyperuricemia, and 11 percent a tophus. Only 11 percent had undergone arthrocentesis, and of these, 65 percent reported having urate crystals in their joint fluid. The incidence of gout increased with age and peaked between 55 and 69 years ( Table 1) .
base-line characteristics
The base-line characteristics of the cohort according to dietary factors are shown in Table 2 . The average daily intake of alcohol tended to decrease with increasing intake of protein or dairy products. A history of hypertension was slightly more com-results * Data are for cases that met the criteria for the primary end point (6 or more of the following 11 criteria for gout established by the American College of Rheumatology: more than one attack of acute arthritis, maximal inflammation developing within one day, attack of oligoarthritis, redness observed over joints, painful or swollen first metatarsophalangeal joint, unilateral attack in first metatarsophalangeal joint, unilateral attack in tarsal joint, tophus, hyperuricemia, asymmetric swelling within a joint, and complete termination of an attack). 13 The new england journal of medicine 1096 mon among the men in the highest quintile of protein intake than among the men in the other quintiles ( Table 2) .
purine-rich foods
Increased meat intake was associated with an increased risk of gout. The multivariate relative risk among the men in the highest quintile of total meat intake, as compared with those in the lowest quintile, was 1.41 (95 percent confidence interval, 1.07 to 1.86; P for trend=0.02) ( Table 3) . Among individual meat items, only the intake of beef, pork, or lamb as a main dish was associated with an increased risk of gout (P for trend=0.01) ( Table 4 ).
Increased seafood intake was associated with an increased risk of gout. The multivariate relative risk among men in the highest quintile of seafood intake, as compared with those in the lowest quintile, was 1.51 (95 percent confidence interval, 1.17 to 1.95; P for trend=0.02) ( Table 3 ). Increased intake of all individual seafood items was associated with an increased risk of gout (P for trend <0.05 for all items) ( Table 4 ).
The level of consumption of purine-rich vegetables was not associated with the risk of gout ( Table 3 ). Similarly, intake of individual purine-rich vegetable items was not associated with the risk of gout.
consumption of dairy products
The incidence of gout decreased with increasing intake of dairy products ( Table 3 ). The multivariate relative risk of gout among men in the highest quintile of dairy intake, as compared with those in the * The body-mass index is the weight in kilograms divided by the square of the height in meters.
Table 2. Base-Line Characteristics of the Men According to Quintiles of Intake of Purine-Rich Food Groups, Dairy Products, and Protein.

Variable
Mean Daily Intake
Mean Age
Mean Animal-Protein Intake
Mean Alcohol Consumption
Mean
Body-Mass
Index* lowest quintile, was 0.56 (95 percent confidence interval, 0.42 to 0.74; P for trend <0.001). The inverse association was limited to the consumption of lowfat dairy products (Table 3) ; the multivariate relative risk among men who drank two or more (8-oz [240-ml]) glasses of skim milk per day, as compared with men who drank less than one glass per month, was 0.54 (95 percent confidence interval, 0.40 to 0.73; P for trend <0.001) ( Table 4 ). A similar inverse association was observed between the level of consumption of low-fat yogurt and the risk of gout (P for trend=0.07). There were no other individual dairy products the consumption of which was significantly associated with the risk of gout.
Use of Diuretics
History of Hypertension
protein intake
Total protein intake and animal-protein intake were not associated with the risk of gout (Table 5) . How-ever, the multivariate relative risk of gout among the men in the highest quintile of vegetable-protein intake, as compared with those in the lowest quintile, was 0.73 (95 percent confidence interval, 0.56 to 0.96), and the corresponding relative risk associated with dairy-protein intake was 0.52 (95 percent confidence interval, 0.40 to 0.68) ( Table 5 ). When we repeated these analyses using energyadjusted protein values 16 instead of the percentage of total energy accounted for by a given type of protein, the results did not materially change.
risk according to food intake and body-mass index or alcohol use or nonuse
The associations between most dietary factors and the risk of gout did not vary according to bodymass index or whether or not the man drank alco-* RR denotes relative risk, and CI confidence interval. The age-adjusted models were adjusted for the total energy intake as well as age; the multivariate models were adjusted for age, total energy intake, body-mass index, use of diuretics, presence or absence of a history of hypertension, presence or absence of a history of renal failure, and intake of alcohol, fluid, total meats, seafood, purine-rich vegetables, and dairy products. † In order to reflect the distribution of seafood intake, the data represent the relative risk per additional weekly serving. ‡ The multivariate model included the intake of low-fat dairy products and high-fat dairy products instead of that of total dairy products. The new england journal of medicine 1098 hol; the exception was seafood intake, the association of which with the risk of gout was significantly stronger among men with a body-mass index of less than 25 than among those with a body-mass index of 25 or higher (P for trend=0.009 and 0.31, respectively; P for interaction=0.04) ( Fig. 1 ).
other definitions of dietary exposure
When we repeated our analyses using the base-line dietary intake and the dietary intakes as updated every four years without cumulative averaging, the results were similar. When we used other definitions of gout, the magnitude of the associations with particular food groups tended to increase as the specificity of the case definition increased, but null associations remained null. For example, as we substituted progressively more specific definitions, moving from self-reported gout (which applied to 1332 men), to gout as defined by the criteria of the American College of Rheumatology (730 men), to * RR denotes relative risk, and CI confidence interval. The age-adjusted relative risks were adjusted for total energy intake as well as age; multivariate relative risks were adjusted for age, total energy intake, body-mass index, use of diuretics, presence or absence of a history of hypertension, presence or absence of a history of renal failure, and intake of alcohol, fluid, and purine-rich vegetables. In addition, the multivariate relative risk, associated with beef, pork, or lamb as a main dish was adjusted for seafood and dairy-product intake; the multivariate relative risks associated with individual seafood items were adjusted for total meat and dairy-product intake; and the multivariate relative risks associated with dairy products were adjusted for total meat and seafood intake. In this large prospective cohort study involving men, we found an increased risk of gout with high-er meat consumption or seafood consumption but not with higher consumption of animal or vegetable protein or purine-rich vegetables. Furthermore, we found a strong inverse association between the consumption of dairy products, especially low-fat dairy products, and the incidence of gout. These associations were independent of both the other dietary factors we studied and other purported risk factors for gout, such as high body-mass index, older age, hypertension, alcohol use, use of diuretics, and chronic renal failure. The suspicion that there is a link between purine-rich diets and gout has been based on metabolic experiments in animals and humans that examined the effect of the artificial short-term loading of purified purine on the serum uric acid level (not on gouty arthritis). [17] [18] [19] [20] Although these studies provide a theoretical basis for the effect of a purine-rich diet on hyperuricemia and, conceivably, on the eventual development of gout, several important hurdles remain before these data can be applied to clinical practice or public health efforts.
First, little is known about the precise identity and quantity of individual purines in most foods, discussion * RR denotes relative risk, and CI confidence interval. The age-adjusted models were adjusted for total energy intake as well as age; the multivariate relative risks associated with total protein intake were adjusted for age, total energy intake, body-mass index, use of diuretics, presence or absence of a history of hypertension, presence or absence of a history of renal failure, and intake of alcohol, fluid, and total fat; the multivariate relative risks associated with animal-protein intake and vegetable-protein intake were adjusted for the above variables and mutually for animal protein and vegetable protein; and the multivariate relative risks associated with dairy-protein and nondairy-animal-protein intake were adjusted for the above variables and mutually for dairy protein, nondairy animal protein, and vegetable protein. The reference group for the comparisons in Panels A, B, and C was the men in the lowest quintile for intake of the given food group who had a body-mass index (BMI) of less than 25.
The reference group for the comparisons in Panels D, E, and F was the men in the lowest quintile for intake of the given food group who did not drink alcohol. The relative risks were adjusted for age, total energy intake, body-mass index, use or nonuse of diuretics, presence or absence of a history of hypertension, presence or absence of a history of renal failure, and intake of alcohol, fluid, total meats, seafood, purine-rich vegetables, and dairy foods. Q denotes quintile; Q1 represents the lowest quintile, and Q5 the highest quintile. especially when they are cooked or processed. 5 In addition, the bioavailability of various purines contained in different foods varies substantially. For example, dietary experiments have shown that the bioavailability is greater for RNA than for an equivalent amount of DNA, 20 greater for ribonucleotides than for nucleic acid, 21 and greater for adenine than for guanine. 17 Finally, the outcome examined in these metabolic studies was hyperuricemia, rather than gout, [17] [18] [19] [20] [21] and a substantial proportion of patients with hyperuricemia will not have gouty arthritis. 22, 23 Thus, it has been difficult to predict whether a certain "purine-rich" food or food group that is commonly consumed actually affects the risk of gout and, if it does, to what extent.
Our study overcame these hurdles by examining common foods or food groups and new cases of gout, and it provides clinically relevant information: each additional daily serving of meat was associated with a 21 percent increase in the risk of gout, and each additional weekly serving of seafood was associated with a 7 percent increase in risk. This effect may be greater in patients who already have gout: because renal urate clearance is relatively impaired in most patients with gout, the absorption of dietary purines causes a steeper increase in the blood uric acid level than do equivalent quantities in persons with normouricemia. 24, 25 We found that the risk of gout associated with seafood intake was significantly higher among men who were not overweight than among men who were overweight. These results suggest that there may be a substantial difference between these subgroups in purine-to-uric-acid metabolism, uric acid excretion specifically related to seafood intake, or both. It remains to be elucidated how these findings are related to hyperuricemia associated with overweight that may occur through both increased production and decreased renal excretion of uric acid 3, 4, 26 ; it is also unclear why the interaction appears to be limited to seafood intake. Confirmation of these findings by future studies might result in more refined and comprehensive dietary recommendations for the prevention of gout, given the emerging role of fish intake in the prevention of coronary heart disease. 27 We did not find a significant association between gout and the consumption of purine-rich vegetables, either as a group or individually. The variation in the risk of gout associated with different purine-rich foods may be explained by the variation in the amounts and types of purine content and their bioavailability for purine-to-uric-acid metabolism. 5, [17] [18] [19] [20] [21] It has been suggested that moderation in dietary purine consumption is indicated for patients who habitually eat large amounts of purine-containing foods, of either animal or vegetable origin 3, 4 ; however, our results suggest that this type of dietary restriction may be applicable to purines of animal origin but not to purine-rich vegetables.
We found a strong inverse relation between consumption of dairy products, especially low-fat dairy products, and the incidence of gout. The ingestion of milk proteins (casein and lactalbumin) has been shown to reduce serum uric acid levels in healthy subjects because of the uricosuric effect of these proteins. 8 Conversely, a significant increase in the uric acid level was induced by a dairy-free diet in a fourweek randomized clinical trial. 9 Since dairy products are low in purine content, dairy protein may exert its urate-lowering effect without providing the concomitant purine load contained in other protein sources such as meat and seafood. Although other nutrients in dairy products may be responsible for the inverse association, there is currently no relevant biologic or metabolic evidence available.
A higher total intake of animal or vegetable protein was not associated with an increased risk of gout. Actually, our results regarding vegetable-protein intake suggest that protein from vegetable sources may have a protective effect, although its magnitude appeared to be smaller than that provided by dairy protein. High-protein diets are associated with increased urinary uric acid excretion and may reduce the blood uric acid level. 5, 6, [28] [29] [30] In a recent open-label study involving 13 patients, a dietary intervention was used that included an increased proportional intake of protein; the study showed a significant reduction in the rate of recurrent attacks of gout. 31 These data support our findings that the consumption of protein does not increase the risk of gout but, rather, may actually decrease the risk and that the protein content of foods may not be a good surrogate for their purine content.
Several strengths and potential limitations of our study deserve comment. Our study was substantially larger than previous studies concerning gout, 1, 5, 23, [32] [33] [34] [35] and dietary data were prospectively collected and validated. 10, 12 Potentially biased recall of diet was avoided, because the intake data were collected before gout was diagnosed. Our findings are most directly generalizable to men 40 years of The new england journal of medicine 1102 age or older (the population with the highest prevalence of gout 23 ) who have no history of gout. As in other epidemiologic studies of gout, 1,23,32-34 our primary case definition of gout did not require the observation of urate crystals in joint fluid. Although the presence of a tophus or urate crystals in joint fluid would be diagnostic of gout, 13 the sensitivity of these findings is too low, especially in a populationbased study, because arthrocentesis is performed infrequently.
In our study, fulfillment of 6 of the 11 American College of Rheumatology survey criteria for gout 13 showed a high degree of concordance with reviews of the medical records, and the incidence of gout fulfilling these criteria in our cohort agreed closely with the estimated incidence among male physicians in the Johns Hopkins Precursor Study 1 (1.5 and 1.7 per 1000 person-years, respectively). Furthermore, when we evaluated the effect of vari-ous definitions of gout, our findings appeared to be robust, and the magnitude of the associations tended to increase with increasing specificity of the case definition.
Our study was observational; thus, we cannot rule out the possibility that unmeasured factors might contribute to the observed associations. Overall, however, our findings provide prospective evidence that meat consumption and seafood consumption are associated with an increased risk of gout, whereas consumption of dairy products, especially low-fat dairy products, is associated with a substantially reduced risk of gout. In contrast, moderate intake of purine-rich vegetables or protein is not associated with an increased risk of gout. Supported in part by grants (DK58573 and CA55075) from the National Institutes of Health and by TAP Pharmaceuticals.
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